Abstract--Palladium-catalyzed Suzuki-Miyaura coupling of N-benzenesulfonyl-3,4-dibromopyrrole with a variety of arylboronic acids gave the corresponding 3,4-diarylpyrroles in high yields. The 3,4-differentially arylated pyrroles could also be prepared by stepwise cross-coupling approach. The total syntheses of lamellarins O, P, Q, and R have been achieved by using the cross-coupling and the directed lithiation as key reactions.
Introduction
Recently, much attention has been focused on a family of heterocyclic marine natural products having 3,4-diarylpyrrole as the common structural unit. 1 It is comprised of lamellarins, ningalins, polycitones, purprone, halitulin, dictyodendrins and so on. The biological activities of this class of compounds are pronounced. For example, polycitone A (1) strongly inhibits both retroviral reverse transcriptases and cellular DNA polymerases. Although a variety of synthetic routes to this class of compounds have been developed, the strategy via palladium-catalyzed arylation of the central pyrrole core may be most versatile and straightforward. 8 Banwell reported the first cross-coupling approach to the simple lamellarins O and Q using 3,4-dibromopyrrole-2-carboxylate 7a as a substrate. 9 The selective introduction of different aryl groups at C3 and C4 was effected by regioselective Br-Li exchange of 7b followed by transmetallation and Negishi cross-coupling reaction. Wong reported regioselective ipso-iodination of 3,4-disilylpyrrole 8 and consequently achieved the selective functionalization of the pyrrole core via a range of cross-coupling reactions.
3,4-dibromo-N-(triisopropylsilyl)pyrrole (10) for the synthesis of halitulin core. 11 Banwell and Steglich, on the other hand, utilized the umpoled pyrrole 11 in their total synthesis of halitulin (2) . 12 We prepared 3,4-dihydroxypyrrole bistriflates 12 from 2-arylethylamines in three-steps via Hinsberg reaction and demonstrated that 12 are the excellent substrates for Suzuki-Miyaura coupling. 13 Total syntheses of lamellarins D (3), L, N (4), and α 20-sulfate (5) have been achieved starting from 12. 14 Handy developed the iterative halogenation/cross-coupling strategy for the synthesis of lamellarin G trimethyl ether starting from simple 4-bromo-pyrrole-2-carboxyalte 13. 15 Finally, Smith devised a protocol for regioselective arylation of pyrrole-2-carboxylate core utilizing chlorine as a protecting group.
The 3,4-diarylpyrrole-2-carboxylates can be produce from 14 after selective cross-coupling at 3,4-positions followed by hydrogenolysis of the chlorine at 5-position. 16 In this paper, we present a new cross-coupling approach to the 3,4-diarylpyrrole marine alkaloids using N-benzenesulfonyl-3,4-dibromopyrrole (15) . 4 (0.1 mmol), aqueous Na 2 CO 3 (6.6 mmol in 2 mL of H 2 O) in THF or DME (10 mL) was heated under reflux for 24 h (Table 1) . At the THF-refluxing temperature (65 °C), the cross-coupling reactions of 18a were insufficiently fast, and as a result, a mixture of starting material 15, monoarylpyrrole 19a, and diarylpyrrole 20a were obtained (entries 1 and 2). As shown in entry 3, however, the coupling reaction of 18a (3 equivalent) became fast at the DME-refluxing temperature (85 °C) to give diarylpyrrole 20a as the sole product in excellent yield. Under the similar conditions, a variety of arylboronic acids 18b-h, having electron-donating or electron-withdrawing or sterically demanding substituent at the aryl ring,
were reacted smoothly to produce the corresponding diarylpyrroles 20b-h in excellent yields (>90%) (entries 4-10). Of our delight, cleavage of the alkaline-sensitive N-benzenesulfonyl protecting group of the pyrrole was negligible under the reaction conditions. It is reasonable to assume that the electron-withdrawing N-benzenesulfonyl group facilitates the initial oxidative addition of C-Br bonds to Pd(0) and, as a consequence, promotes overall cross-coupling reaction cleanly.
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Pd(PPh 3 ) 4 (10 mol%) DME, aq. Na 2 CO 3 , reflux , 24 h Scheme 3. Palladium-catalyzed cross-coupling of N-triisopropylsilylpyrrole 10.
Total syntheses of lamellarins O, P, Q, and R
Simple and non-fused 3,4-diarylpyrrole marine alkaloids, lamellarins O, P, Q, and R, were isolated from the southern Australian sponge Dendrilla cactos by Capton and co-workers.
multidrug-resistant tumor cell-lines, suggesting it may serve as a new lead for the development of antitumor agents insensitive to MDR. 20 The syntheses of lamellarins O and Q were achieved by several groups using independent synthetic strategies. 9, 20, 21 Selective deprotection of isopropyl group of 32 with 6 equivalent BCl 3 provided lamellarin O (24) in 94% yield. In a similar manner, lamellarin P (25) was synthesized using a different phenacyl bromide 31 at the initial step in comparable overall yield. It is noteworthy that one of the methoxy group in the phenacyl moiety of 33 was selectively deprotected under the BCl 3 conditions. This is apparently due to assistance of the ortho-carbonyl function. Lamellarin Q (26) was synthesized in a single step by deprotection of 28. The copper (II)-mediated N-arylation of 28 with boronic acid 18b produced 34 in excellent yield. 24 Deprotection of 34 provided lamellarin R (27). Modest yields of the deprotection steps of 28 and 34 were due to partial demethylation of the ester moiety by BCl 3 . Scheme 6. Synthesis of lamellarins O, P, Q, and R
Conclusion
We have disclosed N-benzenesulfonyl-3,4-dibromopyrrole (15) is an excellent substrate for palladium-catalyzed Suzuki-Miyaura coupling to produce 3,4-symmetrically or unsymmetrically diarylated pyrroles. N-Benzenesulfonyl group in the coupling products can serve as a directing group for α-lithiation of the pyrrole ring. Combination of these reactions allowed us to synthesize marine alkaloids, lamellarins O, P, Q, and R.
Experimental
General
Melting points were determined with a Yanagimoto micro melting points apparatus and are uncorrected. IR spectra were obtained with a Perkin-Elmer System 2000 instrument. NMR spectra were recorded on a Varian Gemini-300 instrument (300 MHz for 1 H), or a JEOL JNM-AL400 instrument (400 MHz for 1 H and 100 MHz for 13 C) using tetramethylsilane as an internal standard. High resolution mass spectra were recorded on a JEOL JMS-700N
spectrometer. HPLC analyses were performed on a Shimadzu LC-6A apparatus. Flash chromatography was conducted on Silica Gel 60N, 40-50 µm (Kanto Chemical Co., Inc.).
Column chromatography was conducted on Silica Gel 60N, 63-210 µm (Kanto Chemical Co., Inc.) or Chromatorex NH-DM1020 silica gel (Fuji Silysia Chemical Ltd.). n-Butyllithium was purchased from Aldrich Chemical Co., Inc. tert-Butyllithium was purchased from Kanto Chemical Co., Inc. The alkyllithiums were used after titration with 2,5-dimethoxybenzyl alcohol. Dry diethyl ether and THF were distilled from Na-benzophenone ketyl under argon immediately before use. 
Synthesis of
N-benzenesulfonyl-3,4-dibromopyrrole (15). A solution of bromine (25.4 g, 159
mmol) in acetic acid (100 mL) was added dropwise to a solution of 17 (13.2 g, 63.7 mmol) in acetic acid (100 mL) at room temperature. After being stirred for 1 h, the reaction mixture was refluxed for 1.5 h. The mixture was cooled to room temperature, and evaporated under reduced pressure. To the residue was added saturated aqueous NaHCO 3 and the mixture was extracted with dichloromethane. 
Synthesis of arylboronic acids 18a-h and pinacol ester 21
Except for 18f, arylboronic acids were prepared from the corresponding aryl bromide or iodide (for 18h) via halogen-lithium exchange reaction. Boronic acid 18f was prepared by directed lithiation of 1,3-dimethoxybenzene. All boronic acids and a pinacol ester used in this research are known compounds. 
4-Methoxyphenylboronic acid (18a
4-Isopropoxyphenylboronic acid (18b). This compound was prepared from
4-isopropoxybromobenzene in 71% yield in a similar manner as described for 18a. 1 
4-Fluorophenylboronic acid (18c).
This compound was prepared from 4-bromofluorobenzene in 59% yield in a similar manner as described for 18a. 
4-Chlorophenylboronic acid (18d).
This compound was prepared from 4-bromochlorobenzene in 74% yield in a similar manner as described for 18a.
2-Methoxyphenylboronic acid (18e).
This compound was prepared from 2-bromoanisole in 87% yield in a similar manner as described for 18a. 1 
N-Benzenesulfonyl-3,4-bis(4-isopropoxyphenyl)pyrrole (20b). This compound was
prepared from 15 (730 mg, 2.00 mmol) and 18b (1.08 g, 6.00 mmol) in a similar manner as described for 20a. After chromatographic purification over Silica Gel 60N
(hexane-toluene=1:1~1:2), 20b was obtained as pale yellow solid (891 mg, 94%).
Recrystallization from dichloromethane-hexane gave colorless needles. 
N-Benzenesulfonyl-3,4-bis(4-chlorophenyl)pyrrole (20d
N-Benzenesulfonyl-3,4-bis(2-methoxyphenyl)pyrrole (20e
N-Benzenesulfonyl-4-(3,4-dimethoxyphenyl)-3-(4-methoxyphenyl)pyrrole (22).
Under an argon atmosphere, a degassed solution of Na 2 CO 3 (469 mg, 4.42 mmol) in water (2.0 mL) was added to a solution of 19a (264 mg, 0.672 mmol), 18g (182 mg, 1.00 mmol) and Pd(PPh 3 ) 4 (77.4 mg, 67.0 µmol) in 1,2-dimethoxyethane (10 mL) at room temperature and the mixture was refluxed for 24 h. The mixture was cooled to room temperature and evaporated under reduced pressure. The products were extracted with dichloromethane and the extract was washed successively with water and brine, dried over Na 2 SO 4 , and evaporated under reduced pressure. The residue was purified successively by column chromatography over Silica Gel 60N (hexane-toluene=1:1~toluene) and over Chromatorex NH-DM1020 silica gel (toluene) to give 22 as colorless solid (302 mg, quant. 
Cross-coupling of 3,4-dibromo-N-triisopropylsilylpyrrole (10) with 18a
Under an argon atmosphere, a degassed solution of Na 2 CO 3 (700 mg, 6.60 mmol) in water (2.0 mL) was added to a solution of 10 (381 mg, 1.00 mmol), 18a (456 mg, 3.00 mmol) and Pd(PPh 3 ) 4 (116 mg, 0.100 mmol) in 1,2-dimethoxyethane (10 mL) at room temperature and the mixture was refluxed for 24 h. The mixture was cooled to room temperature and evaporated under reduced pressure. The products were extracted with dichloromethane and the extract was washed successively with water and brine, dried over Na 2 SO 4 , and evaporated under reduced pressure. The residue was purified by flash chromatography over Silica Gel 60N (hexane-dichloromethane=10:1~5:1~3:1~2:1~ethyl acetate) to give 23a (22.1 mg, 5%) and 23b (15.4 mg, 6%). was added as a neat liquid and the mixture was stirred for 30 min at -78 °C. The reaction mixture was allowed to warm to room temperature, quenched with saturated aqueous NH 4 Cl, and evaporated under reduced pressure. The products were extracted with dichloromethane and the extract was washed successively with water and brine, dried over Na 2 SO 4 , and evaporated under reduced pressure. The residue was purified by column chromatography over Silica Gel 60N (toluene-ethyl acetate=100:1) to give 29 as yellow solid (61.9 mg, 55%).
3,4-Bis(4-methoxyphenyl)-N-triisopropylsilylpyrrole (23a
Recrystallization from diethyl ether-hexane gave yellow needles. 
